Objective: The symmetry of mitral valve tethering and regional left ventricle wall dysfunction are reported to play a fundamental role in the outcomes and long-term durability of surgical repair in ischemic mitral regurgitation (IMR). We recently demonstrated in a randomized clinical trial (the Papillary Muscle Approximation trial) the superiority of papillary muscle approximation (PMA) in combination with standard restrictive annuloplasty (RA) in severe IMR over annuloplasty alone in terms of adverse left ventricular remodeling and mitral regurgitation (MR) recurrence. This approach, however, failed to produce a survival advantage and was still plagued by a high incidence of reoperation. We therefore performed a subanalysis of the PMA trial on the basis of preoperative parameters to elucidate the value of subvalvular surgery in certain subcategories of patients with the aim of creating a decisional algorithm on the best operative strategy.
Perspective
The addition of papillary muscle approximation to restrictive annuloplasty and complete myocardial revascularization is associated with better left ventricular remodeling. Considering the importance of tethering and wall motion abnormalities, a tailored approach is crucial for satisfactory long-term outcomes. A deeper knowledge of the geometric problem would profoundly impact the decision algorithm.
See Editorial Commentary page 296.
See Editorial page 284.
Treatment of ischemic mitral regurgitation (IMR) is a complex surgical problem and still a matter of debate. 1, 2 In a randomized clinical trial (the Papillary Muscle Approximation [PMA] trial), papillary muscle approximation (PMA) in addition to undersizing restrictive annuloplasty (RA) associated with complete myocardial revascularization using coronary artery bypass grafting (CABG) exerted a long-term beneficial effect on left ventricular (LV) remodeling and a more effective restoration of mitral valve (MV) configuration 1 ; however, despite the improved cardiac outcomes, this approach failed to produce a difference in overall mortality and functional status. 1 Several investigators established a relationship to determine the equilibrium between closing and tethering forces at the level of the annulus and the subvalvular apparatus [3] [4] [5] contributing to the further development of long-term adverse LV remodeling. 6, 7 In our trial, we confirm that the real ''Achilles heel'' of MV repair in IMR is the LV remodeling and the complete understanding of its bases. Moreover, regional motion abnormalities and dyssynchronies 8, 9 and preoperative features of MV tethering [10] [11] [12] [13] have been claimed as fundamental predictors of the outcomes of the repair to identify categories of patients who may benefit from specific reparative approaches. 6, 7, 14, 15 We therefore reviewed the results of the PMA trial to evaluate the symmetry of the tethering and wall motion abnormalities in defining the outcomes of PMA or RA. This study addresses the question about the effects of the subvalvular approach in specific categories of patients with the final aim of orienting the surgical decision on the best approach for each type of IMR.
PATIENTS AND METHODS Study Design
This study is a subanalysis of a recently published prospective randomized trial, thereafter mentioned as the PMA trial (Video 1), 1 which evaluated 96 patients with severe chronic IMR who underwent complete surgical myocardial revascularization associated with either isolated undersizing RA (RA group) or PMA and undersizing RA (PMA group) over a 5-year follow-up. Patients were included in the study if they had symptomatic and severe IMR, were unresponsive to medical therapy, and had significant coronary artery disease eligible for surgical revascularization with no previously performed percutaneous procedures. The detailed description of sample size definition and power analysis, enrollment criteria, follow-up method, and results is discussed in the cited paper. 1 
Echocardiographic Evaluation
The severity of IMR was evaluated by means of transthoracic echocardiography performed with criteria recommended by the European Society of Echocardiography. 16 All echocardiographic measurements were assessed by 2 independent experienced cardiologists, blinded in regard to the treatment group. Severe mitral regurgitation (MR) was defined as an effective regurgitant orifice area of at least 0.4 cm 2 or by a combination of adjunctive echocardiographic quantification methods according to the guidelines.
1,16

Interventions
The surgery was performed through a median sternotomy under normotermic cardiopulmonary bypass conditions and intermittent anterograde blood cardioplegia. Before we established the cardiopulmonary bypass, transesophageal echocardiography was performed to confirm the absence of MV structural abnormalities and the patient's eligibility for the study. End-diastolic and end-systolic interpapillary distances were compared with preoperative values measured via transthoracic echocardiography.
The MV was exposed through a left atriotomy with the support of a Carpentier retractor (Tisurg, Jiangsu, People's Republic of China). Leaflets restriction as the result of excess traction on the leaflets leading to a lack of coaptation was diagnosed in all patients. The papillary muscles (PMs) were identified through the MV orifice in each patient and inspected carefully. The PMs were classified anatomically as type I and II were approximated with a CV-4 Gore-Tex suture (W. L. Gore & Associates, Flagstaff, Ariz) placed at the head of each PM (Figure 1, A) . Considering type III, IV, or V PMs, their approximation was performed with a 4-mm Gore-Tex tube (W. L. Gore & Associates) encircling the bodies of posteromedial and anterolateral PMs, which were drawn together (Figure 1, B) . In the presence of 2 independent heads, both posteromedial PMs were approximated to minimize MV tenting.
Particular care was taken in the evaluation of chordal organization and to adequately correct regurgitation. Normally, posteromedial PM gives rise to chordae for scallop P2 and P3 of the posterior leaflet, whereas from anterolateral PMs spring out the chordae to anterior leaflet, which are involved VIDEO 1. Animation showing the rationale and basic principles of papillary muscle approximation. The video also explains some surgical technicalities inherent in the surgical procedure according to the variability of papillary muscle morphology and anatomy. Video available at: http:// www.jtcvsonline.org/article/S0022-5223(16)31168-0/addons.
Abbreviations and Acronyms
CABG ¼ coronary artery bypass grafting
¼ restrictive annuloplasty mainly in development of the ''seagull sign'' and respective tenting. The intraoperative goal was to achieve a PMA with a reduction of about 25% to 30% in the end-diastolic interpapillary distance compared with the preoperative value, confirmed via the use of intraoperative transesophageal echocardiography. After diastolic cardioplegic arrest, intraoperative interpapillary distance was measured with a flax thread to confirm the echocardiographic findings; therefore, PM distance was reduced and a second measurement was performed by the same method to confirm the result. The anterior leaflet area was calibrated with a prosthetic ring obturator and with a 2-sizes undersizing annuloplasty performed with a Carpentier-Edwards Physio Annuloplasty Ring (Edwards Lifesciences, Irving, Calif) The prosthetic ring was fixed with the use of 2/0 braided sutures placed 1 mm away from the leaflet's hinge on the atrial wall. Sutures were placed circumferentially starting as usual at the level of the posterior commissural area in counterclockwise fashion. Larger bites were used at the posterior part of the annulus from trigone to trigone to accentuate the downsizing effect at this level. All sutures were then passed through the prosthetic ring cuff. The ring was lowered into position and the sutures were tied. Concomitant CABG was performed in all patients, with complete revascularization of the diseased coronary arteries.
Endpoints
The primary endpoint of the trial was the evaluation of LV remodeling, measured as the left ventricular end diastolic diameter (LVEDD) absolute difference from baseline, during a 5-year follow-up period. Secondary endpoints included changes in other echocardiographic parameters, overall mortality, reoperation, and a composite cardiac endpoint (cardiac death, stroke, reintervention, hospitalization for heart failure, or New York Heart Association class worsening). After regression analysis (Table E1) , the only preoperative variables found to significantly predict the primary endpoint were symmetry of MV tethering and regional wall motion abnormality. Therefore, the discussed subgroup analysis was performed according to these 2 variables.
Statistical Analysis
Variables included in this study were chosen after a linear regression analysis in which we considered all variables that might have affected the outcomes: the primary endpoint of the study (LVEDD absolute difference at 5 years from baseline) has been considered as the dependent variable, whereas other variables have been evaluated after adjustment for treatment group (PMA vs RA). Variables with a P value less than .200 were considered for this subanalysis (Table E1) .
Categorical data are displayed as frequencies and percentages in text and tables, and comparisons were made with the c 2 test. Normality criteria were checked and met for each continuous variable. Independent sample or paired sample t-test was used for normally distributed data, which are presented as mean AE standard deviation in text and tables. Survival analysis was performed with the Kaplan-Meier method and log-rank test was used to compare survival functions.
As the result of logistic reasons, echocardiographic evaluations were performed at our Center only preoperatively and 1, 2, and 5 years after the surgical procedure. Other periodical assessments were performed elsewhere and were reviewed during the outpatient visit. To verify the results of the long-term outcome considering the intermediate time points, a longitudinal mixed model has been built that includes the echocardiographic parameters obtained from our Center's evaluation. We did not include other third-party echocardiographic evaluations in this model, which might have produced unreliable results. The longitudinal model evaluated in the subgroups obtained from the linear regression analysis, the LVEDD, left ventricular end-systolic diameter (LVESD), and left ventricular ejection fraction (LVEF), after adjustment for preoperative values, which were regarded as baseline. The PMA group effect depending on the symmetry of tethering or regional wall motion abnormalities, expressed as unit change per year after surgery, is presented in Table E2 . Those results do not differ conceptually from the findings of the end-ofthe-study analysis discussed in the manuscript.
A P value less than .05 was considered statistically significant. Statistical analysis was performed with STATA Statistics version 13 (StataCorp LP, College Station, Tex).
RESULTS
Baseline characteristics, echocardiographic findings, and survival analysis of the whole cohort of enrolled patients has been published elsewhere. 1 In the PMA group, end-systolic interpapillary distance decreased from a preoperative value of 40.5 AE 4.6 mm (transthoracic echocardiogram) to an intraoperative value of 32.7 AE 3.2 mm (transesophageal echocardiogram), with a mean difference of 6.8 AE 3.1 (P<.001). End-diastolic interpapillary distance was reduced from 44.7 AE 4.2 mm to 36.0 AE 3.7 mm, with a mean difference of 9.3 AE 1.5 (P < .001). Preoperative evaluation, surgical details, and tethering and regional wall motion features were similar between groups and are shown in Table 1 .
Early Outcomes
In-hospital deaths for the entire population occurred in 3 patients (6.2%) in the RA group and in 2 patients (4.2%) in the PMA group, without a statistically significant difference between groups (P ¼ .646). 1 
Late Mortality and Outcomes
Preoperative LVEDD was 61.4 AE 3.7 in the RA group and 62.7 AE 3.4 in the PMA group. The assessment of LVEDD at 5 years showed a significant between-group difference compared with the preoperative value; LVEDD was 56.5 AE 5.7 mm in PMA group versus 60.6 AE 4.6 mm in RA alone (observed changes, expressed as paired 5 years' values minus preoperative values, were À5.8 AE 4.1 and À0.2 AE 2.3, respectively, with P < .001). Over time, a progressive LV enlargement was observed in the RA group with values almost similar to preoperative measurements, whereas the PMA group maintained the benefit achieved soon after surgery with significantly reduced diameters at 5 years' follow-up in respect to baseline. 1 The 5-year freedom from cardiac-related death rate in the PMA group was 83.3%, whereas in the RA group was 79.2% (P ¼ .496). The 5-year freedom from composite cardiac endpoint in the in the PMA group was 29.2%,whereas in the RA group was 6.2% (P ¼ .069). 1 
Symmetry of Tethering
LVEDD, LVESD, and LVEF were evaluated among surviving patients at 5 years and were compared with the respective preoperative values (Table 2, Figure 2 , A). Results indicate that patients treated with PMA had less adverse remodeling compared with patients who underwent the RA approach, both in case of symmetric and asymmetric tethering. More interestingly, patients with preoperative asymmetric tethering treated with PMA had almost a 2-fold reduction in ventricular diameters (P ¼ .028 for LVEDD, P ¼ .009 for LVESD) and a 1.5-fold increase in LV function (P ¼ .056) compared with patients with symmetric tethering treated with the same approach. Table 3 indicates that among patients with asymmetric tethering, recurrent moderate-to-severe MR was less frequent in case of subvalvular surgery; recurrent MR was observed in 54.5% in the RA group and 26.1% in the PMA group (P ¼ .051). No statistically significant differences were observed among patients with symmetric tethering, even though recurrent MR was observed more frequently in the RA group (P ¼ .126).
Regional Wall Motion Abnormalities
LV diameters and function were evaluated at the end of the follow-up and compared with preoperative values depending on regional wall motion abnormalities (Table 4 , Figure 2 , B). Among patients with impaired kinesis in the inferior or in the inferoposterior segments, PMA was able to restore an adequate geometry of the left ventricle by reducing LVEDD (P < .001 and .002, respectively) and improving the LVEF (P <.001 and .022, respectively); however, in case of abnormalities in the motion of the anterolateral wall, PMA seem to exert no additional benefit over RA associated with CABG when we considered LV remodeling and function (P ¼ .235 for Among patients with inferior wall motion abnormality, the recurrence of MR was more common in the RA group compared with the PMA group (57.1% vs 21.7%, P ¼ .016) ( Table 3 ). Inferoposterior and anterolateral wall motion abnormalities showed no significant differences in the recurrence of MR between the 2 surgical groups (P ¼ .486 and .527, respectively).
Overall mortality, reoperations, and composite cardiac endpoint over the follow-up for both groups with regard to tethering symmetry and regional wall motion abnormality are presented in Table 5 . Despite no differences in overall mortality and in the composite cardiac endpoint, PMA proved to reduce reoperation rate among patients with symmetric tethering (P ¼ .053) and with inferoposterior dyskinesia (P ¼ .048) (Figures E1-E3 ).
DISCUSSION
The preferred surgical strategy for moderate and severe IMR is not established. [17] [18] [19] [20] [21] There are many experimental studies supporting the benefits of adding subvalvular repair to undersizing annuloplasty 1, 15, 22, 23 ; of these, many have refuted the benefits of valve repair 2 and others 27, 28 In our recently published study, we evaluated the efficacy and safety of adding PMA to undersizing mitral annuloplasty associated with CABG in the restoration of function of subvalvular apparatus, emphasizing the effect of surgically induced geometric changes in the LV and MV relationships on the repair. 1 The study, which included patients with severe IMR, coronary artery disease eligible for surgical revascularization, global LV dysfunction, and regional wall motion abnormalities, revealed that the rate of reoperation from recurrence MR at 5 years tended to be lower among patients who underwent PMA surgery compared with patients those who received an annularonly approach, without reaching a statistical significance (6.2% vs 14.6%, P ¼ .181).
Moreover, despite the beneficial effect on LV remodeling and mitral configuration, adding subvalvular apparatus surgery to the standard RA approach did not produce a longterm advantage in survival or functional status, leaving us to question the coexistence of ''other'' unconsidered or unaddressed factors playing a determinant role in the final outcome of the reparative procedure. Long-term outcomes after MV surgery in IMR have been shown to be dependent mainly on postprocedure LV remodeling over time.
1,2 LV remodeling, as measured by means of the LVEDD (the primary endpoint in our trial), is a prognostic marker for patients with IMR, and subvalvular repair has been associated with improved outcomes in patients with IMR by counteracting LV adverse remodeling. 1 Moreover, tethering symmetry and wall motion abnormalities have a pivotal role in IMR and may serve as factors to provide a tailored surgical approach. 10, 12, 29 Our objective was to perform a subanalysis of the results of our trial to elucidate the value of PMA in those subcategories of patients aiming to elaborate a potential decision algorithm. The goal is to describe the best operative strategy that should be followed according to the preoperative status.
Postoperative MV Configuration and Recurrent MR
Beside the limitations related to the sample size and the reduced statistical power of the study for binary events, the major findings of this subanalysis can be summarized as follows: (1) PMA improved ventricular remodeling and function in both preoperative symmetric and asymmetric tethering and this effect was more significant in the latter case; (2) PMA allowed a more effective recovery of LV dimension and function in case of inferior wall preoperative dyskinesia, whereas it did not produce additional benefit in anterolateral wall dysfunction; (3) PMA prevented moderate-to-severe MR recurrence in asymmetric tethering and in patients with preoperative inferior wall impairment; and (4) PMA reduced the rate of reoperation among patients with symmetric tethering and inferoposterior dyskinesia.
Although no difference in mortality was found in relation to the symmetry of tethering or regional wall dysfunction, the results of this study might allow us to speculate that patients with symmetric and asymmetric tethering and with localized inferior wall motion abnormalities might benefit from a combined annular and subvalvular repair strategy in combination with a total revascularization.
Reoperation rate at 5 years was about 50% lower among patients receiving PMA than among patients treated with RA alone, in addition to CABG. Similarly, incidence of MR recurrence was significantly lower when the PMA approach was used in comparison with the annuloplasty alone in both conditions of tethering. Although statistical significance was not achieved among patients with symmetric tethering, we might reliably speculate that this was an effect of the limited number of patients in this group, as testified by the numerical difference of patients experiencing these complications (Table 3) . A potential explanation of those findings might be the ability of PMA to restore the overall MV geometry and PM function in MV physiology, as testified by several clinical and echocardiography investigations pointing at the pivotal role of PM systolic dyssynchrony in the prediction of significant postoperative MR recurrence. 6, 8, 29 In this context, the most striking finding is the positive effect exerted by PMA in conditions of preoperative symmetric tethering, which has been considered a pattern of advanced stage in the ischemic disease caused by predominant vectorial lateral and apical displacement of PM with traction on both leaflets and dilated-dysfunctional LV. This preoperative pattern has not been considered amenable to a simple RA. 10 This concept also has been stressed in several studies from Gelsomino and colleagues, 12, 13 in which they demonstrated that symmetric tethering is a strong negative predictor of LV reverse remodeling after annuloplasty. PMA corrected the posterior apical and lateral PM displacement occurring in symmetric tethering and the predominant posterior displacement causing the asymmetric tethering, providing an adequate solution in both these circumstances.
In agreement with previous studies, 12, 13, 30 we also found improved LV remodeling and recurrence rate or MR in the asymmetric tethering group undergoing PMA; however, the symmetric group also significantly benefited from PMA in terms of reverse remodeling, LV function, and reoperation. Restoration of an adequate ventricular geometry with subsequent effect on both the anterior and posterior leaflet might justify the superiority of the combined PMA approach over the annuloplasty only.
Nevertheless, the possibility to achieve geometrical restoration is strictly intertwined with the regional ventricular functional status, which is responsible for PM synchrony and function. In this study, we demonstrated that specific regional alterations of normal LV kinesis profoundly affect the outcome of the valvular and subvalvular repair. Indeed, although the dyskinesia of the inferior wall can be accommodated by the approximation of the PM, dysfunction of the anterior or lateral wall creates an excessive degree of lateral displacement and PM dyssynchrony, which cannot be compensated by this surgical approach. Preoperative anterolateral wall dyskinesia was indeed associated with high mortality and adverse cardiac outcomes, and we might speculate that a preoperative asymmetrical tethering pattern would be even more affected by this regional dysfunction.
Clearly, these considerations cannot neglect the mandatory need for an accompanying total revascularization in all patients with IMR. Myocardial revascularization is indeed a basic tenet in IMR surgery and grafting all the dysfunctioning territories is required to optimize outcomes, as indirectly demonstrated by this subanalysis. In support of this hypothesis is the central role of total myocardial revascularization over the MV repair techniques described by Michler and colleagues 25 in case of a moderate degree of IMR. Additional support for this idea is provided by the finding of a high incidence of MR recurrence in the CTSN trial for severe IMR, in which 30% of the patients did not receive myocardial revascularization. 2 
Surgical Strategy
The imbalance between the forces exerted on the annulus and the displacement vectors of the PM drives the long-term outcomes and durability of the repair. A 30% approximation of the PM in this study was able to adequately restore the geometrical relationships within the LV and redistribute conveniently the forces on the mitral annulus and leaflets. In this context, we already have proposed a reinforcement of the posterior annulus by means of a double row of overlapping sutures with the aim of reducing the tension on the portion of the annulus experiencing the greatest stress. 21 We acknowledge the option of PM relocation in IMR surgery 31, 32 ; however, we believe that this technique does not address the multidirectional displacement and migration of the PM and might result in increased tension at the level of the posterior trigone and PM, with potential adverse biomechanical effects. Indeed, it has been shown that the relocation of the PM might be associated with a restrictive effect on the MV if directed only to the posterior leaflet as inducing a tilting effect on the posterior annulus and augmenting its posterior tethering. 31 To this extent, in the largest series of Fattouch and colleagues 32 the PM relocation was effective only in association with a nonrestrictive annuloplasty. We acknowledge the overall high incidence of moderate-tosevere MR recurrence in the study. An explanation underlying this finding is the complex relationship between closing and tethering forces and the progression of LV remodeling over time. Especially in cases of anterolateral wall abnormalities, PMA was not able to interrupt or revert the phenomenon of adverse LV remodeling. The persistence of elevated LVEDD and LVESD with dilated LV cavity determines increased endocavitary shear stresses and might have created a detrimental effect on the repair and even the loss of adhesion between the muscles and the Gore-Tex band.
Considering this complexity together with the variability of the characteristics of the regurgitant jet found in patients with recurrent MR, we have developed a mathematical model that describes the biomechanics of the MV apparatus (including factors such as chordae viscosity, chordae Young modulus, etc) with the final aim of elaborating a decisional algorithm to support the surgical choices in IMR treatment 33 ; however, compared with the results of the CTSN trial, PMA combined with RA produced a significantly improved rate of reoperation to the group receiving annuloplasty only in the CTSN trial.
PMs exert an important role in the maintenance of mitral geometry, and we believe that a comprehensive strategy that includes not only the annular but also the subvalvular part of the mitral apparatus represents the most appropriate approach to treat IMR. Indeed, this technique provides a more complete and ''holistic'' approach to the problem of IMR. The results of this study together with the work of other investigators in this field 8 might potentially induce others to reconsider the major trials published that demand another type of surgical comparison: a ''complete mitral repair'' (ie, involving both the valvular and subvalvular apparatus) versus chordal-sparing mitral replacement.
Although not effectively comparable considering the study design and the different duration of follow-up, a paradoxical comparison between the current results by the CTSN trial on chordal sparring mitral replacement and the combination of PMA and RA described in this manuscript would show interesting results. If comparing the data at 2 years' follow-up in the CTSN trial with the actuarial results at 2 years in our study, the mortality rate would be lower in the PMA group than in the replacement group (replacement 23.3% vs PMA 16.7%). Similarly, the occurrence of major adverse cardiac and cerebrovascular events would be 39.6% in the PMA group versus 42.4% in the valve replacement group, and the incidence of stroke would be slightly lower in the PMA group (PMA 4.1% vs 5.6% in replacement group). However, recurrence of moderate-to-severe MR at 2 years in the mitral replacement group of the CTSN trial was 3.8%, whereas in the PMA group it would be 15% at the same time point. Similarly, the reoperation rate for mitral replacement in the CTSN trial at 2 years was as low as 0.8% compared with 2.1% in the PMA group of the current study at the same time point. Finally, there was a statistical significant increase in aortic crossclamp time and cardiopulmonary bypass time in the PMA group but the procedure required effectively around 10 to 15 minutes more to be performed in respect to the RA only.
Limitations
Among the limitations of this study, the authors already have acknowledged the fact that the primary endpoint of the study relied on an echocardiographic measure of LV remodeling rather than a clinical outcome (such as mortality); however, such a randomized trial would have required a number of patients to achieve statistical power would have required too much time to enroll an adequate number of patients. Similarly, the region of wall motion abnormality was categorized as inferior, inferoposterior, or anterolateral, and the conventional division in 16 segments used in transthoracic echocardiography would have required a far greater sample size, which was not enrolled for the study, considering its primary endpoint.
Also, this study aimed to identify a difference in the surgical efficacy of the combined annular and subvalvular approach to consider a possible step change in the current surgical practice in particular subgroup of patients. Therefore, a routinely and universally used and recognized echocardiographic set of parameters seemed the best-suited approach in this setting. The authors are aware, however, of the possible operator-dependent fluctuations in data interpretation when transthoracic echocardiography is used. In this study, 2 blinded experienced cardiologists performed all the echocardiograms, providing sufficient reliability of the results. Also, under-or overestimation of ejection fraction might occur in case of MR, but these parameters have been adjusted in consideration of the transmitral gradient and the inflow velocity. To circumvent these issues, however, the use of computed tomography or magnetic resonance imaging should be advocated to evaluate the MV apparatus in detail.
Finally, data on tenting height in addition to the data on interpapillary muscle distance and tethering angles (see original report of PMA trial) 1 might have introduced other potential variables useful in decision-making. The study was designed and powered initially to describe different outcomes, but other post-hoc analysis might be performed in the near future to elucidate this point. The lack of studies comparing the biomechanical stress applied to MV annular and subvalvular apparatus after each repair procedure does not allow a comparison among surgical strategies. Therefore, the choice for a particular technique relies generally on surgeon's preference rather than evidence. 34 Future studies will address those issues, allowing a more detailed evaluation of each procedure.
CONCLUSIONS
In conclusion, the results of this subanalysis confirm that both preoperative patterns of symmetrical and asymmetrical tethering might be considered an indication for adjunctive PMA in combination with the standard RA and CABG approach in IMR as guaranteeing significantly better outcomes. The presence of inferior dyskinesia should encourage PMA, although this technique may not produce additional benefit in cases of anterolateral dysfunction. PMA group effect compared with the RA group effect is expressed as unit change per year after surgery, depending on the symmetry of tethering or regional wall motion abnormalities. A negative value indicates a reduction after surgery, whereas a positive value represents an increase after surgery. PMA, Papillary muscle approximation; LVEDD, left ventricular end diastolic diameter; CI, confidence interval; LVESD, left ventricular end systolic diameter; LVEF, left ventricular ejection fraction.
